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 [Introduction] Metal–organic frameworks (MOFs) have attracted considerable interest because of their specific 
structure properties such as regulated surface area and pore volumes. Recently, Surface-mounted MOFs 
(SURMOFs) have been studied for thin film device applications such as humidity sensing, gas sensing, 
thermoelectric elements, and resistive switching devices. Controlling the thickness, crystallinity, film structure and 
crystal orientation affects SURMOF quality and functionality. The interface reaction between SURMOFs and 
substrates drastically also affects these properties. Polymers are 
available to incorporate functional groups as stable and dense 
reaction sites, because polymer reactions enable the 
incorporation by covalent bonding. Polymer species and 
structures provide selectivity, which allows optimum 
hybridization of polymers with other materials. In this work, 
the author first demonstrated Cu based MOFs (HKUST-1) 
nanofilms deposition on poly(N-dodecylacrylamide) (pDDA) 
(Fig. 1(a)) nanosheets fabricated using Langmuir-Blodgett 
(LB) technique. Second, the author examined the deposition of 
HKUST-1 nanofilms on spin-coated films of commercially 
available polymers such as PS, PMMA, PVA and Nylon6 (Fig. 
1(b–e)). Finally, the author examines the deposition of Fe based 
MOFs (MIL-100) on spin-coating films. The main objective of 
the thesis is controlling the SURMOF growth on polymer 
surfaces using LbL method and its deeper understanding. 
[Experiment] pDDA nanosheets which expose amide groups 
to the surface were transferred onto solid substrates using LB 
technique. PS, PMMA, PVA and Nylon6 films were fabricated 
using spin-coating technique and dried in vacuum before use. 
The deposition process for HKUST-1and MIL-100 films 
involves four sequential steps: (1) vertical dipping in Cu(OAc)2 






Fig. 1 Chemical structures of (a) pDDA, (b) PS, (c) 
PMMA, (d) PVA, (e) Nylon6. 
Fig.2 (a) FT-IR spectra of HKUST-1 films: after 5 
(black), 10 (red), 15 (blue) cycle deposition. (b) Plot 
of the absorbance at 1374 cm-1 as a function of the 
number of  deposition cycles on pDDA nanosheets 
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dipping in 1,3,5-benzenetricarboxylate (btc) solution, and (4) 
rinsing in ethanol. 
 [Results and discussion] Deposition of HKUST-1 films on 
pDDA nanosheets Fig. 2(a) shows FT-IR spectra of HKUST-
1 films growth on pDDA nanosheets (9 layers) as a function of 
deposition cycles. From the appearance of the peaks at 1374, 
1447 and 1674 cm-1, it was confirmed that HKUST-1 was 
assembled on pDDA nanosheets. The absorbance at 1374 cm-
1 increases linearly as the cycle increases (Fig. 2(b)), therefore 
this plot presents the homogeneous growth of HKUST-1 films 
on pDDA nanosheets and that pDDA nanosheets serve as a 
good template for HKUST-1 growth. The pDDA/HKUST-1 
(40 cycles) film structure was examined using GIXD (Fig. 3). 
The strongest diffraction peak appears at q = 8.4 nm-1 for 
HKUST-1 film (40 cycles); the peak at q = 8.4 nm-1 
corresponds to a periodicity of 0.75 nm from the Bragg 
equation. This result shows that HKUST-1 films on pDDA 
nanosheets were grown in the (111) crystallographic direction. 
Deposition of HKUST-1 on spin-coating film 
Fig. 4(a) shows FT-IR spectra of HKUST-1 films (15 cycles) 
on PS, PMMA, PVA, and Nylon6 spin-coating films, 
suggesting that HKUST-1 films were assembled successfully 
on polymer films. Fig. 4(b) shows a plot of the absorbance at 
1374 cm-1 as a function of the number of HKUST-1 deposition 
cycles. The absorbance at 1374 cm-1 increases linearly as the 
cycle increases. The absorbance values of HKUST-1 on PVA 
and Nylon6 films were higher than those for other samples, 
suggesting hydrogen bonding sites such as hydroxy groups and 
carbonyl groups on polymer films are important for the 
deposition of the HKUST-1 films. The HKUST-1 films (40 
cycles) structure on polymer films was examined using GIXD 
(Fig. 5). HKUST-1 films were grown in the (111) 
crystallographic direction on the PMMA film as well as on 
pDDA nanosheets. The result indicates that the deposition 
mechanism of HKUST-1 films on carbonyl groups was 
identical to those on amide groups and hydroxy groups.1) The 
absorbance of HKUST-1 on the PVA film was the largest, 
however the crystallinity of HKUST-1 on the PVA film was 
lower. The reason for the lower crystallinity of HKUST-1 films 
 
Fig.3 GIXD pattern of HKUST-1 films (40 
cycles) on pDDA nanosheets (9 layers). 
Fig. 4 (a) FT-IR spectra of HKUST-1 films after 15-
cycle deposition on PS (green), PMMA (blue), PVA 
(red) and Nylon6 (black). (b) Plots of the absorbance 
at 1374 cm-1 as a function of the number of HKUST-
1 deposition cycles on PS (green), PMMA (blue), 






















Fig. 5 GIXD patterns of the HKUST-1 film (40 
deposition cycles) deposited on the PVA film/ 





















Fig. 6 Plot of the absorbance at 1374 cm-1 
measured using FT-IR (15 deposition cycles) 
vs. the polar component calculated using the 
Owens–Wendt equation. Red cross symbols 
show (100) growth. Black and white circle 
symbols show (111) growth. 
on the PVA film should be clarified in the future, but excess 
amount of reaction sites on the PVA surface lead to 
simultaneous crystal nucleus formation at the confined area, 
resulting in crystal growth. Fig. 6 shows a linear relationship 
between the polar component of the surface free energy (γsp) 
calculated by Owens-Wendt equation and the absorbance at 
1374 cm-1. The polar component of the surface free energy is 
found to be a key factor for HKUST-1 film formation on 
polymer films. J-V curves of SURMOF films were measured 
at 20 and 40 deposition cycles (Fig. 7). For the 20 cycle 
HKUST-1 deposition (50 nm film thickness), current leakage 
was observed (blue, Fig. 7), suggesting pinholes in the 
HKUST-1 thin film. In other words, the 20 deposition cycle 
was inadequate to form a dense HKUST-1 film. In contrast, for 
the 40 cycle HKUST-1 deposition (100 nm film thickness), no 
current leakage occurred through the measurement (red, Fig.7). 
The HKUST-1/PEDOT:PSS device showed bipolar resistive 
switching behavior. The result proves that the HKUST-1 thin 
film was grown on the PVA film serves as a resistive switching 
layer.  
Deposition of MIL-100 on spin-coating film  
The growth of MIL-100 films was tracked using FT-IR spectra 
(Fig. 8). Peaks at 1375, 1440, 1550 and 1615 cm-1 are ascribed 
to carboxyl groups and carboxylate anions. These peaks prove 
that MIL-100 films were formed on polymer films by the LbL 
cycles.2) Focusing on the quantity of MIL-100, the absorbance 
at 40 deposition cycles was PMMA> Nylon 6> PVA. On the 
other hand, the initial MIL-100 amount was PVA> Nylon 6> 
PMMA, which related with the surface polar component. In 
addition, XPS data supported MIL-100 deposition on spin-
coating films. XPS peaks at 712.1 and 725.9 eV (Fig. 9) were 
characterized as Fe 2p3/2 and Fe 2p1/2, respectively, which correspond to MIL-100 peaks seen in a previous report.2)  
In conclusion, MOF nanofilm formation on polymer films was demonstrated using HKUST-1 and MIL-100. The 
metal complexes are adsorbed more efficiently on polymer films, depending on the polar component of the surface 
free energy. SURMOF growth is precisely controllable using polymer templates at the nanometer scale. 
[Reference]1) V. Stavila et al, Chem. Sci., 2012, 3, 1531. 2) X. Zheng et al, Chem. Eng. J., 2019, 374, 793. 
 















Fig. 7 J–V characteristics of HKUST-1 thin film 
device. The deposition cycle of the HKUST-1 thin 
film was 20 deposition cycles (blue line) and 40 





















Fig. 8 FT-IR spectra of MIL-100 films after 40 cycle 
deposition on PS (green), PMMA (blue), PVA (red) 
and Nylon6 (black).  
Fig. 9 XPS spectra of MIL-100 films after 80 cycle 
deposition on the PVA film.  
700710720730
Bindng Energy / eV
In
te
n
s
it
y
15 dgree
40 dgree
70 dgree
